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Abstract 
To study a site of eutrophication, mesocosms with pore water additions, 
connections to the substrate (seeps) and controls were designed to test the response of 
phytoplankton to differences in nitrogen sources. We analyzed concentrations of nitrate, 
ammonium, phosphate, and chlorophyll a, along with the 815N and 8 180 values of nitrate 
in mesocosms with various treatments in Guinea Creek, DE. Nutrient concentrations in 
the groundwater (delivered to the seeps) and in the pore water (delivered to the pore 
water mesocosms) differed markedly; the average nitrate concentration for the pore water 
(295 ± 3.55 µmol/L) was significantly higher than the groundwater (83 ± 33.80 µmol/L); 
while the average ammonium concentration for the pore water (4 ± 0.18 µmol/L) was 
significantly less than the groundwater (48 ± 5.59 µmol/L). Elevated levels of nitrate 
which ranged from 30 to 50 µM were found in the pore water mesocosms while the other 
two treatments ranged from 1 to 13 µM. The phytoplankton biomass increased over time 
for the seeps, from about 8 µg/L to 11 µg/L, and in the pore water mesocosms, from 
about 4.5 µg/L to 6.5 µg/L. The 815N and the 0 180 values of nitrate ranged from +5.1 %0 to 
+12.5%0 and +2%o to + 13.6%0 respectively. The nitrate isotope values reflected the 
presence of fertilizer and manure in the groundwater as the source of nitrate to the 
estuary. These data are useful tools to engage further research at this study site and begin 
to guide management plans in order to remediate water quality issues in this area. 
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Advice to Future Honors Students 
Start thinking about this project as early as possible. When I was a sophomore I 
had no idea what I wanted to do for my honors project, but I knew that I wanted to start 
thinking and planning for it. That led me to meet some amazing professors such as Dr. 
Teece and Dr. Schulz. They were both an integral part of my project even though they 
didn't directly help me with the research part of it. My research was conducted through 
an NSF funded REU program at the University of Delaware; and my biggest piece of 
advice to future honors students is to, as a freshman and sophomore, start looking into 
REU programs. As an honors student you are already a high-achieving student, which 
puts you in a great position to earn a spot in one of these programs. It was one of the 
greatest opportunities I've had as an undergraduate student. I feel that SUNY ESF has 
prepared me for challenging research, but nothing prepares you for a job or graduate 
school like an actual research experience. In regards to research, one of the most 
important lessons I have learned the hard way is to keep a very detailed field and 
laboratory notebook; especially if you do not plan on writing the paper as you progress 
through the research. I can almost promise that there will be lots of little details that you 
wiII forget and it may be difficult to figure them out again. Also, don't ever sell yourself 
short. SUNY ESF is a very specialized school and many of the courses you've taken are 
very field and lab oriented and have provided you with skills that you may not even 
recognize. Make sure when you are applying for opportunities you highlight your 
accomplishments in these courses; this will set you apart. Good luck, you've got this! 
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Introduction 
Nitrogen is the most plentiful element in Earth's atmosphere, yet it is the least 
readily available to be used by living organisms, which can make it a limiting nutrient in 
certain ecosystems. Nitrogen can be categorized as either non-reactive or reactive. Non-
reactive nitrogen (N2) is not available for biological processes until it is fixed through 
biofogical nitrogen fixation (BNF), which can only be carried out by a small portion of 
living organisms ( <1 %) including legumes and certain bacteria (Galloway et al., 2003). 
Reactive nitrogen includes forms such as ammonium and ammonia, inorganic oxidized 
forms (e.g nitrate, nitrogen oxide) and organic compounds (Galloway et al., 2003). 
During the past few decades, human production of reactive nitrogen has markedly 
increased to be greater than the production of reactive nitrogen by all other biological 
processes (Galloway et al., 2003). The main causes of this increase include the cultivation 
of crops that promote biological nitrogen fixation, production of synthetic fertilizer to put 
on agricultural lands, and the creation of reactive nitrogen when fossil fuels are burned 
(Galloway et al., 2003). 
The watersheds of the Delaware inland bays are characterized by sandy geology, 
low topographic relief, high amounts of agricultural land use and suburban developments 
(Volk et al., 2006). This leads the estuarine bays to be greatly influenced by groundwater 
that typically contains excess nitrogen (Volk et al., 2006). In water bodies, nitrogen (N) 
and phosphorus (P) are essential nutrients that influence the overall biomass of 
phytoplankton and the rate of primary production. Agricultural lands provide large 
nutrient loads to their receiving estuaries, which can promote increased phytoplankton 
growth. In cases where there are high nutrient fluxes, eutrophication can occur. 
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Eutrophication can lead to hypoxia and anoxia, loss of biodiversity, increased turbidity, 
habitat alteration or destruction, fish kills and harmful algal blooms (HABs) (Galloway et 
al., 2003; Volk et al., 2006). 
The health of the Delaware inland bays are of interest due to their ecological 
importance as nursery grounds for fish and shellfish, recreational, and commercial values 
(Bason & Ullman, 2011). To reduce and prevent eutrophication, it is not only necessary 
to understand the processes by which nutrients arrive at the estuaries, but also which 
nutrients the phytoplankton actually use to grow. It has been generally accepted that 
phytoplankton prefer to use ammonium (NH4 +) over nitrate (NO3-) (Dortch, 1990; York 
et al., 2007). The continual increase in eutrophication due to human activities could 
significantly change the ratio ofNO3- to NRi + in the water, which could alter the forms of 
nitrogen taken up by phytoplankton (York et al., 2007). We used a natural abundance 
stable isotopic approach to try to understand which forms of nitrogen promote high 
biomass of phytoplankton in a field setting. Our field approach reduces the likelihood that 
the artifacts associated with lab cultures would change the response by phytoplankton to 
variations in nutrient sources. (York et al., 2007). The relative abundance of the two 
isotopes of nitrogen, 15N to 14N, is denoted as o15N . As nitrogen is taken up by 
phytoplankton, fractionation occurs, which is a shift in the ratio of isotopes due to a 
preference for the lighter 14N isotope relative to 15N (Wada & Hattori, 1978). The o15N 
value of particulate organic nitrogen (PON) was used to determine the approximate o15N 
value for the phytoplankton located in a Delaware coastal bay called Guinea Creek. There 
are potential errors in using PON since it includes other material besides phytoplankton, 
but our method for sampling greatly minimizes these errors. Our objectives were to 
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determine what forms of nitrogen the phytoplankton in Guinea Creek were taking up to 
grow and where this form of this nitrogen was coming from on the surrounding 
landscape. To do this, we intended to compare the concentrations and 8 15N values of 
NO3-, NH/ and phytoplankton as PON to determine what form of nitrogen was 
assimilated; then to use the 815N and 8 180 nitrate isotope values to look at possible 
sources of the nitrate in the estuary. 
Methods 
Site description 
Sampling was conducted in a section of Guinea Creek from June 13, 2015 to June 
17, 2015 (Fig. 1). Guinea Creek flows into Rehoboth Bay, which is the most northern bay 
within the series of interconnected coastal bays on the Delmarva Peninsula, USA. The 
Rehoboth Bay watershed is characterized by porous soil and low topographic relief (Volk 
et al. 2012), extensive agricultural and forested lands, as well as an expansive rural 
population and a growing suburban population (Bason & Ullman, 2011 ). Our sample site 
was in the private community of Creek's End. Over the sampling period the water was 
consistently observed to be murky/turbid and warm with temperature ranging from 
27.4°C to 32°C. Salinity of the water throughout the sampling period varied from 20.8 to 
28.4 psu (Table I). The porous soil of the surrounding landscape allows freshwater to be 
delivered to the estuary primarily via groundwater, which is one of the main reasons this 
was chosen as the study site. The surrounding agricultural and suburban land uses were 
expected to provide high enough amounts of nitrate and ammonium in the groundwater to 
stimulate primary producers. 
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Fieldwork 
We used a series of mesocosms to test the response of phytoplankton to 
differences in nitrogen sources by measuring changes in overall biomass and isotopic 
composition (Fig. 2). Nine mesocosms were created and each had 80% filtered (0.2 µm) 
surface water; the other 20% was ambient bay water that was filtered through a 253 µm 
mesh to remove grazers. Six of the mesocosms were floating on top of the water, open to 
the air, and constructed by taping the ends of two Styrofoam floats together and 
suspending a 55 gallon drum liner on the floats. The bags were weighted at the comers to 
keep them from rising. These were suspended in the water column to keep daily and tidal 
fluctuations in temperature, light and turbulence as natural as possible. Three of these 
mesocosms were dosed with ~ 1 L of pore water drawn daily from a piezometer that 
stayed in the same location next to the mesocosms throughout the sampling period. The 
remaining three floating mesocosms were used as controls and received no additional 
nutrients. Three additional mesocosms were also open to the air but they were attached to 
the substrate (seeps). The depth of the seeps varied due to the tides, with a depth of about 
one meter at high tide and about 0.5 meters at low tide. These three mesocosms were 
constructed by cutting off the bottom of a 5 gallon bucket, taping a 55 gallon drum liner 
to the top of the bucket with electrical tape, then cutting off the top of the bag to form a 
column that was held up by pool noodles. The purpose of these seep mesocosms was to 
replicate the environment that the phytoplankton would experience naturally, allowing 




Samples were taken from the mesocosms by wading out into the creek or by 
kayak. Samples were taken at the start of the experiment (5:30 PM on 6/13/15) and then 
twice daily (typically at 10 AM and 8 PM) up to 92.5 hours on 6/17/15. At each of the 
eight time points, one liter samples were collected from each mesocosm immediately 
after homogenization of the mesocosm using a submersible pump. Samples were stored 
on ice until they were filtered at the lab. Salinity, temperature, and dissolved oxygen were 
measured using a YSI pro plus and recorded at each time point. This was crucial to keep 
track of salinity and temperature across mesocosms to detect any contamination or 
leakage. 
Lab analyses 
To determine the biomass of the phytoplankton in the mesocosms at each time 
point, chlorophyll a was extracted from each sample using a method adapted from 
Welschmeyer (1994). 60mL of sample was syringe filtered through 2.5 cm diameter, 0.7 
µm acidified GF/F filters that were then put into glass scintillation vials. The filtrate was 
frozen and saved for nutrient (nitrate, ammonium, phosphate and silicate) analyses on a 
SEAL AA3 autoanalyzer. We extracted pigments from the GF/F filters with IO mL of 
acetone; samples were analyzed fluorometrically using the Turner AU-10 model after 
overnight extraction of pigments. 
The denitrifier method was used to obtain nitrate 815N and 8180 values (Casciotti 
et al., 2002 & Sigman et al., 2001). Pseudomonas aureofaciens were grown for 9 days in 
nitrate-replete growth media. Bacteria were harvested by centrifugation, and re-
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suspended in nitrate-free media. 3mL aliquots were distributed to 20 mL gas-tight 
headspace vials. These were bubbled for 3 hours with helium to remove all oxygen. 
Samples and standards (IAEA-N3 and USGS-34) were injected with gas tight glass 
syringes. Bacteria were left overnight to convert (denitrify) the nitrate in the samples and 
standards to N20 gas. The vials were then sent to UC Davis for stable isotope analyses of 
both nitrogen and oxygen of the N20. We excluded data when the detection on the mass 
spectrometer was below what was anticipated for a peak. Fractionation values for 815N 
and 8 180 were corrected for by using the linear relationship between the true and 
observed isotopic values of the IAEA-N3 and USGS-34 standards. 
The 815N value of ammonium was determined by using a diffusion method 
(Holmes et al. , 1998). This method was used since there are low concentrations of 
ammonium (less than 2 µM) in the water and this method uses large sample volumes to 
obtain sufficient N for isotope ratio mass spectrometric analysis. Two liters of estuarine 
water were collected from each mesocosm during time points Tl, T4 and T8, since two 
liters was estimated to be enough water to provide ~ 10 µmoles of ammonium per sample. 
Each two liters of water was filtered through a GF/F filter (these filters were frozen and 
saved for PON and POC analyses) and put into 1 L plastic bottles that were then frozen 
until analysis. To set up the diffusions, the samples were defrosted and poured into 1.0 L 
orange-capped Pyrex diffusi_on bottles. Addition ofMgO to each water sample made the 
sample basic (pH of ~9. 7), which caused the dissolved ammonium to convert to ammonia 
gas. Filter packs, consisting of an acidified GF/D filter sandwiched between two Teflon 
filters, were added to each bottle to trap the ammonia gas. The bottles were put on a 
shaker at 40°C for 14 days at about 90 rpm. The bottles were inverted and swirled daily 
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to re-suspend the MgO. After incubation the filter packs were removed from the diffusion 
bottles and placed into 20 mL glass scintillation vials with the cap on loosely. They were 
then placed in a desiccator with an open container of concentrated sulfuric acid (to 
remove trace ammonia on the outside of the filter packs) and left to dry for 2 days. The 
filter packs were removed from the scintillation vials, pulled apart, and the GF/D filters 
were packed into Costech tin capsules and sent to UC Davis for isotopic analyses. 
PON and POC isolated on the GF/F filters that were frozen from the diffusion 
method, were dried by putting them in tin foil in an oven at 60°C for 24 hours. These 
were then taken out of the tin foil and peeled to pack the layer of the filter with the 
particulates on it into Costech tin capsules to be shipped to UC Davis for determination 
of the 815N and 813C values of the PON and POC. 
Statistical Analyses 
Normal probability plots were created using Minitab release 17.0 for the 
distributions of nitrate and ammonium concentrations in the pore water coming out of the 
piezometer and the groundwater that the seeps were receiving. T-tests about two means 
with independent samples were conducted with a = 0.05 to determine if the nutrient 
concentrations between the pore water and the ground water were statistically different. 
Results 
Groundwater nutrient concentrations 
The nutrient concentrations of the groundwater in Guinea Creek were measured to 
determine the mass of nutrients added to different treatments (Fig. 3). The pore water 
added to the mesocosms had an average of295 µmol/L (standard error of ± 3.6) of 
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nitrate, which was significantly higher than those of the groundwater samples taken at the 
last time point, which had an average of 83 µmol/L (standard error of± 33.8) of nitrate 
(Fig. 3; t-test; p<0.05). The average ammonium concentration was significantly higher in 
the groundwater (48 ± 5.6 µmol/L) than the pore water (4 ± 0.3 µmol/L) (Fig. 3; t-test; 
p<0.05). The phosphate concentration was very low for both groundwater (0.86 ± 0.2 
µmol/L) and pore water (0.17 ± 0.01 µmol/L) (Fig. 3). 
Nutrient concentrations within treatments 
Throughout the sampling period, nutrient concentrations differed between the 
pore water, control, and seep treatments. The mesocosms containing pore water had a 
much higher nitrate concentration than the seeps and the controls; there was also an 
increase in nitrate concentration over time, from 31.9 µM to 47.9 µM, for the mesocosms 
containing pore water while there was little change over time for the seep or the control 
treatments (Fig. 4 a). There were no distinct patterns for any of the mesocosms in relation 
to ammonium concentration (Fig. 4 b ). The phosphate concentrations for the seeps spiked 
after the second day of sampling and remained higher than the phosphate concentrations 
of the controls and the pore water mesocosms (Fig 4 c). The average phosphate 
concentrations in the ~esocosms were low (ranged from 0.04 µM to 0.14 µM). 
Chlorophyll concentrations 
There was a general increase in chlorophyll concentrations in the seeps and pore 
water mesocosms which was the intended goal (Fig. 5). The seep mesocosms had an 
overall higher average concentration of chlorophyll, ranging from 8.2 µg/L to 11.2 µg/L, 
during the sampling period, than the pore water mesocosms which ranged from 4.5 µg/L 
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to 6.8 µg/L (Fig. 5). The average chlorophyll concentration of the controls started and 
ended at approximately 4.3 µg/L, varying only slightly during the course of the 
experiment (Fig. 5). 
Nitrate isotopic values 
We characterized the range of nitrate isotope values in relation to isotope values 
of biogenic nitrate, manure/wastewater, natural soils, and fertilized agriculture, using 
previously developed ranges (Bohlke et al. 2009). The range of the 815N values for the 
controls was +6.2 to + 12.5 %0, and the range of the 8180 values was +3.7 to +7.3%o. The 
range of the 815N values for the seep mesocosms was +5.1 to + 12.5%0, and the range of 
the 8180 values was +2.5 to+ 13.6%0. The range of the 815N values for the pore water 
added mesocosms was +5.1 to +12.3%0, and the range of the 8180 values was +2.0 to 
+5.9%o. The isotope values were plotted with 815N vs. 8180, and the mesocosm values fell 
mainly in the manure/wastewater range as well as the fertilized agriculture range within 
the published values for biogenic nitrate (Fig. 6). 
Diffusion and PON isotopic values 
The data we received from UC Davis for the isotopic values from the diffusions 
and the PON analyses indicated that there was contamination due to the fact that there 
were many values that fell outside of published isotope ranges. Therefore, the 815N data 
for ammonium and PON were determined to be unusable (Tables 2 and 3). 
Discussion 
Nutrient -concentrations and isotope values 
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Our treatments were successful in supplying both the pore water and seep 
mesocosms with increased nutrients (Fig. 3). We expected the pore water mesocosms 
would have elevated levels of nitrate, but the fact that the seeps had a much lower 
average nitrate concentration than the pore water mesocosms may suggest that the rate of 
ground water flow into the seeps was relatively slow compared to the rate of pore water 
added to the pore water mesocosms (Fig. 4). Our data illustrated how variable 
groundwater is even in areas that are in close proximity to one another in the estuary. The 
seeps and the piezometer used for the pore water dosing were closer than 2 m to one 
another and yet there were significant differences in nutrient concentrations (Fig. 3). 
Differences in nutrient concentrations in groundwater delivered to coastal areas that are 
also highly influenced by groundwater have been seen in Cape Cod (Waquoit Bay and 
Buzzards Bay), MA (Frimpter & Gay, 1979; Valiela et al., 1978). Other coastal estuaries 
that saw a difference in groundwater nitrate concentrations either spatially or temporally 
include Town Cove, MA, Great Sippewi~sett Marsh, MA and Swan River Estuary, W. 
Australia (Giblin, 1983; Valiela et al., 1978; Johannes, 1980). 
We were able to make some inferences about the nutrients in the water column in 
Guinea Creek by looking at the concentrations of nutrients over time (Fig. 4). The 
elevated level of nitrate in the pore water mesocosms compared to the other two 
treatments was expected due to the high levels of nitrate in the pore water (Fig. 3, Fig. 4 
a.). The seeps and controls had very similar nitrate levels which, as stated above, could 
indicate low ground water flow rate to the seeps. The ammonium concentration did not 
show any distinct patterns, which could be partially due to the low concentrations of 
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ammonium in the water (Fig. 3, Fig. 4 b.). The concentrations of phosphate were very 
low and didn't show any particular trends (Fig. 4 c.). 
According to the Redfield Ratio, the ratio of N: P in marine phytoplankton is 
typically 16: I (Redfield, 1958). The general trend of our data ranged from a N: P ratio in 
the water of 26: I to an extremely high 1291: 1, and the majority of the samples had ratios 
an order of magnitude higher than the Redfield ratio. Since the concentrations of 
phosphate were low and our N: P ratio was so high, this may suggest that phosphorus is 
also limiting in this estuary and, if added, could possibly promote phytoplankton growth. 
Phosphorus limitation has been found in other estuaries along the east coast of the United 
States including the upper Chesapeake Bay, MD, Apalachicola Bay, FL and Hudson 
River, NY (Boynton, Kemp, & Keefe, 1982). Phosphorus limitation has also been seen in 
Xiamen Bay, China (Harrison et al., 1990). The majority of these estuaries seem to have 
a large freshwater influence, and since Guinea Creek is known to be greatly influenced 
by groundwater flow, this could help to explain the high N: P ratio found in this estuary. 
There are other studies that show a switch of nitrogen to phosphorus limitation in 
estuaries depending on the season, which could be happening in Guinea Creek. To 
investigate this idea, sampling would need to be performed over multiple seasons 
(McComb et al., 1981; Howarth, 1988). This is a subject that would require further study 
in this estuary. 
We anticipated that nutrients delivered to the mesocosms by groundwater, either 
from the seeps or from the pore water additions, would result in increases in 
phytoplankton biomass (measured as chlorophyll a). Phytoplankton biomass increased 
over time for the seeps and chlorophyll concentrations were about double the 
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concentrations for the pore water mesocosms (Fig. 5). This high growth of phytoplankton 
was likely due to the groundwater continuously adding nutrients to the mesocosms and 
the higher concentration of ammonium in the groundwater compared to the pore water; 
we also had some sampling difficulties with re-suspending sediment in the seep 
mesocosms, which could have skewed the chlorophyll data. Phytoplankton community 
data collected after the sampling period indicated the presence of diatoms, which could 
have been stirred up from the sediment; this could have contributed to the relatively high 
chlorophyll a concentrations in the seep mesocosms (Torre, pers. comm.). The increase in 
chlorophyll a in the pore water mesocosms, compared to the control mesocosms, 
indicates that the nutrients did in fact contribute to phytoplankton growth, since these 
treatments only differed by groundwater nitrogen being added to the pore water 
mesocosms. This suggests that even though these are eutrophic systems, nitrogen is still a 
limiting nutrient. Nitrogen limitation has been seen in various temperate-zone estuaries 
and coastal waters (Boynton et al., 1982; Howarth, 1988). Rehoboth Bay, DE is thought 
to have spatial and temporal variations in nitrogen and phosphorus limitation (Volk et al., 
2012). Since Guinea Creek leads into Rehoboth Bay, it is possible that it also varies in 
nitrogen and phosphorus limitation depending on what area of the estuary is being 
sampled. In estuaries that have salinities greater than 10 to 12 ppt, most planktonic, 
nitrogen fixing cyanobacteria are absent (Howarth & Marino, 2006). Therefore, it is also 
possible that since Guinea Creek is relatively saline, nitrogen fixing cyanobacteria are 
absent from the estuary. The absence of nitrogen fixers in the estuary could be 
influencing the nitrogen limitation. In order to follow up on either speculation, sampling 
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should be conducted in other parts of the estuary and a full phytoplankton community 
structure analysis should be conducted for the water in the mesocosms. 
One of the objectives of the study was to compare the stable nitrogen isotope 
, values of nitrate, ammonium, and PON in order to determine what form of nitrogen the 
phytoplankton were using to grow. We wanted to use this method due to its ability to 
deliver relatively concrete conclusions about our ecosystem. Various studies that look at 
the 815N values of phytoplankton in similar coastal and estuarine systems show values 
ranging from+ 3.3%0 to + 10.6%0 (York et al., 2007; Goering et al., 1990; McClelland et 
al., 1997; Clo em et al., 2002). Other similar studies show 815N values of ammonium 
ranging from -4.0%0 to +40.0%0 (York et al., 2007; Cifuentes et al., 1988; Horrigan et al., 
1990; Middelburg & Nieuwenhuize, 2001 ). While these may not be the full range of 
published isotope values for PON and ammonium, a large portion of our PON and 
ammonium isotope data were very far outside of these ranges; therefore, we decided not 
to use the data (Tables 2 and 3). 
Even though we couldn' t compare the isotope data as we intended, some 
speculations could still be made about the preferred form of nitrogen by looking at the 
trends in nutrients over time. On average, the pore water mesocosms were dosed with 
relatively high amounts of nitrate and relatively low amounts of ammonium compared to 
the nutrient concentrations delivered to the seeps (Fig. 3). In the pore water mesocosms, 
the nitrate level was elevated and continued to increase over time, whereas the amount of 
ammonium did not change much over time and was similar to the ammonium 
concentrations in the other treatments (Fig. 4). This, combined with the fact that the 
chlorophyll a concentration of the pore water mesocosms increased over time, may 
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indicate that the phytoplankton in the pore water mesocosms were preferentially using 
ammonium (Fig. 5). This would make sense, because studies suggest that ammonium is 
typically the form of nitrogen that is preferred by many species of phytoplankton (York et 
al., 2007; Dortch, 1990; Glibert et al., 1982). The reason for the ammonium preference 
may be that before nitrate can be utilized it has to be reduced by the phytoplankton, 
which takes extra energy and so may be less favorable (York et al., 2007). 
In contrast to the pore water mesocosms, the seep mesocosms were getting 
relatively lower amounts of nitrate and relatively higher amounts of ammonium (Fig. 3). 
In the seep mesocosms, the amount of nitrate did not change much over time and had a 
similar pattern and similar concentrations as in the control mesocosms (Fig. 4). The 
amount of ammonium in the seep mesocosms also did not change much over time and 
was similar to the concentrations in the other treatments (Fig. 4). The seep mesocosms 
ended up having the highest amount of chlorophyll a of all of the treatments, and the 
chlorophyll a concentration increased over time (Fig. 5). If the phytoplankton in the seeps 
were also preferentially using ammonium, the combination of the following factors: the 
steady amount of ammonium coming in through the groundwater, the higher 
concentration of ammonium in the groundwater compared to the pore water, and the 
resuspension of benthic algae, may explain the high chlorophyll a and the low nutrient 
concentration in the seeps (Fig. 4, Fig. 5). In order to test these speculations, the structure 
of the phytoplankton community would need to be studied in detail in order to verify the 
presence ofbenthic algae and the species of phytoplankton in the estuary. Also, more 
sampling should be conducted at different times of the year and complete stable isotope 
comparisons of the phytoplankton, nitrate, and ammonium would need to take place. 
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One of our goals was to use nitrogen isotopes to answer questions about where the 
form of nitrogen the phytoplankton in the estuary were using to grow came from; and we 
were able to answer this question by comparing our nitrate isotope values to known 
ranges of o 15N and o 130 values of nitrate from Bohlke et al. (2009) (Fig. 6). Three of the 
seep isotope values fell outside of the biogenic nitrate range, signifying some variability 
among mesocosms. A majority of the pore water mesocosms had nitrate isotope values 
on the border between fertilized agriculture and manure/wastewater (Fig. 6). This may be 
explained by the low nitrate and oxygen isotope values of the pore water taken from the 
piezometer at each time point (Fig. 6). The spatial difference in the isotope values for the 
pore water and the pore water mesocosms may be due to natural variation within the 
estuary, or it could possibly be influenced by fractionation of the isotopes when the 
nitrogen and oxygen were used in biological processes (McClelland et al., 1997; Fig. 6). 
Either of these possibilities would most likely indicate the presence of nitrate from 
fertilizer in the estuary. The presence of nitrate from fertilizer in the groundwater is 
possible, because the developed community, called Creek's End, that bordered our study 
site had manicured lawns and Guinea Creek runs through Baywood Greens Golf Course 
before emptying into Rehoboth Bay, DE. The heavier isotope values that faJI in the 
manure/wastewater range most likely indicate the presence of manure in the groundwater 
(Fig. 6). Similar results were seen in a study conducted at Indian River Bay, DE looking 
at nutrients in the groundwater. This study found that nitrate brought offshore through the 
groundwater was formed in agricultural soils and mixed-land use areas (Bohlke & 
Krantz, 2003). This conclusion is feasible because the watershed around Rehoboth Bay 
has been known to use chicken manure for fertilizer on agricultural fields for decades 
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(Liebhardt et al., 1979; Vadas & Sims, 1998). Crops used for animal feed have nitrogen 
that is poorly assimilated into the animal biomass, which leads the majority of the 
nitrogen to be excreted and eventually end up in the waterways (Howarth, 2008). 
Eutrophication is an increasing issue in estuarine systems and it is widely 
accepted that nitrate loads from the watershed have either a direct or indirect effect on 
phytoplankton growth (Howarth, 2008 & York et al., 2007). By confirming that nitrate is 
coming into the estuary from groundwater and that it is most likely from fertilizer used to 
maintain grass, and chicken manure, management plans can be guided to mediate some 
of the eutrophication issues and improve water quality in this area. 
Method assessment 
Our natural abundance stable isotopic approach is valuable because it limits the 
inclusion of variables that would arise by using laboratory cultures of phytoplankton. 
Some of the disadvantages include issues with the equipment in the field. Some of the 
bags were compromised, which resulted in a loss of data and a new system for the 
mesocosms had to be designed. A new method had to be designed for the seep 
mesocosms as well, to try to mitigate the re-suspension of sediment when sampling. 
16 
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Figure 1: The state of Delaware (USA) modified from 
"http://www.destination360.com/north-america/us/delaware/map" with an aerial view of 
the Rehoboth Bay watershed, and a close-up on the sample site in Guinea Creek (Torre 
unpubl. data). 
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Figure 2: Six of the nine mesocosms used to sample the water in Guinea Creek, DE. The 
mesocosms with the PVC piping were the seeps, and the mesocosms in the back with the 
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Figure 4: Average concentrations(± standard error) of nitrate (a.), ammonium (b.) and 
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Figure 5: Average concentration(± standard error) of chlorophyll among the various 
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Figure 6: Nitrate isotope ratio values for the various treatments indicating what the 
sources of the nitrogen in the water column are. Ranges adapted from Bohlke et al. 
(2009). 
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Table 1: Salinity values (psu) in each mesocosm and the ambient bay water throughout 
the sampling period. Sampling time points on the left hand side of the table and 
mesocosm number at the top. 
1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 / Ambient 
6/13/15 5:30 PM (Tl) 23.6 23.6 23.8 24.8 25.1 24.7 24.7 23.6 23 .6 24.4 
6/14/15 11:00 AM (T2) 23.8 23.8 23.5 24.0 24.8 24.8 22.6 22.1 22.3 23.7 
6/14/15 8:30 PM (T3) 24.0 23.9 24.0 23.4 24.8 24.8 22.8 22.7 22.6 28.4 
6/15/15 11:00 AM (T4) 23.7 24.2 23.9 22.9 24.4 24.8 22.1 21.8 21.7 23.1 
6/15/15 8:45 PM (TS) 24.2 24.9 24 .2 22.6 24.5 24.4 22.2 21.9 22.2 26.4 
6/16/15 8:30 AM (T6) 24.3 25.3 24.5 22.2 24.7 24.6 21.2 20.8 21.1 24.8 
6/16/15 9:30 PM (T7) 24.7 26.0 24.8 21.9 24.8 24.8 21.4 21.1 21.5 25.9 
6/17/15 9:00AM (TS) 25.1 25.5 25.1 21.8 24.9 25.6 21.9 21.3 21.9 25.4 
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Table 2: POC and PON isotope values for each of the mesocosms (Ml through M9) for 
time points I, 4 and 8 ( displayed as Tl , T 4 and T8). 
Sample o13c o•sN 
MlTl -16.17 86.08 
M2Tl -16.46 86.73 
M3Tl -15.92 88.46 
M4Tl -17.50 67.72 
M5Tl -18.38 61.64 
M6Tl -19.66 44.65 
M7Tl -16.77 85.3 1 
M8Tl -16.36 84.21 
M9Tl -16.16 87.02 
M1T4 -17.33 55.45 
M2T4 -21.69 40.57 
M3T4 -17.77 80.05 
M4T4 -23.95 18.75 
MST4 -23.80 18.74 
M6T4 -25.13 9.79 
M7T4 -18.76 56.24 
M8T4 -19.16 65.85 
M9T4 -20.09 49.98 
M1T8 -20.71 42.47 
M2T8 -23.77 10.20 
M3T8 -21.14 38.56 
M4T8 -23.70 13.49 
MST8 -24.13 9.05 
M6T8 -23.61 11.56 
M7T8 -20.35 39.03 
M8T8 -19.66 44.55 
M9T8 -21.67 25.88 
27 
Table 3: Ammonium isotope values for each of the mesocosms for time points 1, 4 and 8. 
Mesocosm samples with 815N values labeled "n/a" were not sent for isotope analysis 
because the filter packs fell apart during the ammonium diffusions. 
Sample o15N 
MlTl 54.64 
M2Tl 129.73 
M3Tl n/a 
M4Tl 39.20 
MSTl 51.81 
M6Tl 26.32 
M7Tl 59.39 
M8Tl 58.46 
M9Tl n/a 
Ambient 66.54 
M1T4 43.63 
M2T4 19.21 
M3T4 21.72 
M4T4 n/a 
MST4 4.88 
M6T4 1.56 
M7T4 7.48 
M8T4 42.36 
M9T4 33.81 
M1T8 6.64 
M2T8 -8.95 
M3T8 10.48 
M4T8 5.79 
MST8 2.48 
M6T8 1.44 
M7T8 19.24 
M8T8 26.67 
M9T8 8.07 
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